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NASA GLOBAL ATMOSPHERIC SAMPLING PROGRAM (GASP)
DATA REPORT FOR TAPE VL0004

by J. D. Holdeman, F. N, Humenik, and E. A. Lezberg

Lewis Research Center

SUMMARY

Atmospheric trace constituents in the upper troposphere
and lower stratosphere are being measured as part of the
NASA Global Atmospheric Sampling Program (GASP), using fully
automated air sampling systeas on board several commercial
B-747 aircraft in routine airline service. Measurements of
atmospheric ozone and wvater vapor, and related
meteorological and flight information were obtained during
139 GASP flights from Deceaber 26, 1975 through March 25,
1976. Also, bottle samples were obtained during three
flights and filters vere exposed during five flights., These
were analyzed respectively for trichlorofluoromethane and
sulfates, nitrates, and chlorides. These data are now
available from the National Climatic Center, Asheville,
North Carolina. In addition to the data from the aircraft,
tropopause pressure data obtained from the National
Meteorological Center (NMC) archives for the dates of the
flights are included. This report is the fourth of a series
of reports which describes the data currently available from
GASP, including flight routes and dates, instrumentation,
data processing procedures, data tape specifications, and
selected analyses,

INTRODUCTION

This report announces the availability of atamospheric
trace constituent data obtained at altitudes froa 6 to 12 kn
during several flights of a United Airlines B-7u47 (N47110)
and a Pan American World Airways B-747 (N655PA) froa
Deceaber 1975 - March 1976,

The objectives of the NASA Global Atmospheric Sampling
Program are to provide baseline data of selected atmospheric
constituents in the upper troposphere and lower stratosphere
for the next 5-to-10 year period, and to document and
analyze these data to assess potential adverse effects
between aircraft exhaust emissions and the natural
atmosphere, At present there is much uncertainty in
environmental impact studies on this subject due to the lack
of comprehensive, long-tera upper atmospheric data (refs. 1
and 2).
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The GASP program began in 1972 with a feasibility study
of the concept of using commercial airliners in routine
service to obtain atmospheric data. This program has
progressed from design and acquisition of hardvare (ref. 3)
to collecting global data on a daily basis. Fully autosated
GASP systeas are now operating on a United Airlines B-747,
two Pan American World Airways B-747's, and a Qantas Airwvays
of Australia B-747. The United airliner is collecting data
over the contiguous United States and between the west coast
and Havaii. Global coverage is provided by the Pan American
and Qantas B-747's. Pan Am routes from the United States
include around-the-vorld flights in the Northern Hemisphere,
transatlantic flights to Europe, transpacific flights to the
Orient, intercontinental flights to Central and South
America, and occasionally transpacific flights to Australia.
More frequent coverage in the Southern Hemisphere is
provided by the Qantas B-747 on transcontinental Australian
flights and on flights from Australia to the South Pacific
and Australia to Europe. The GASP systea design, the
measurement instruments, the on-board coaputer for automatic
control and data management, and system maintenance
procedures are described in reference 4.

This report is the fourth in a series of reports to
announce the availability of GASP data from the ¥National
Climatic Center, Asheville, North Carolina, 2880!. Northern
hemisphere data for March 11 - March 30, 1975 have bpeen
previously reported and analyzed (tape VLO0O1; refs. 5, 6
and 7). Data over the contiguous United States and to
Hawaii tor March - October, 1975 are provided on GASP tape
VL0002 (ref. 8). Data obtained in May 1975 on flights in
North, Central, and South America, and froam the United
States to the Orient are provided on GASP tape VL0003 (ref.
9). Global data for December 26, 1975 through March 25,
1976 are now available on GASP tape VLOOO4. 1In addition to
the atmospheric constitient measurements, the data on this
tape include related meteorological and flight information
from the aircraft systems, and tropopause pressure fields
obtained from the National Meteorological Center (NMC) for
the dates of the GASP flights,

ROUTE STRUCTURE AND DATA ACQUISITION

Flight routes for which data are given on GASP tape
VLOOOY4 are shown on figure 1. All flights occurr2d betveen
December 26, 1975 and March 25, 1976. On the tape, GASP
data are grouped and identified by flights with the airports
of departure and arrival designated by the standard
three-letter airport codes (ref. 10). A listing of flights
included in tape VL0004 by airport-pair, date, and data
acquisition time, is given in table I.
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For each flight, data acquisition begins on ascent
through the 6 km altitude flight level, and terainates o=
descent through 6 km. A coaplete GASP sampling cycle is 60
minutes, divided into 12 five minute segments. A 16 second
recording is made at the end of each sampling segment.
During alternate segments (at 10 minute intervals), air
saaple data are recorded for all instruments. During the
intervening segments the system is in one of six different
calibration modes to allovw for in-flight checks on
instrument operation (if required). Whenever any
calibration mode is not needed for a given instrument, that
instrument acquires air sample data during the segaent.

Cassette tapes, recorded in serial format, are removed
from the aircraft at approximately two week intervals and
transcribed to computer-compatible fora for data reduction,
At this stage, laboratory instrument calibration information
required for data processing is included, redundant and
non-usable data are removed, and the data are re-transcribed
to final form and units. The detailed specifications and
formats for the GASP data are given in appendix A. Data for
each flight begins with an FLHT record (table A-I) to
provide flight identification information. This record is
followed by a series of DATA records (table A-II), one for
each recording msade during the flight,

MEASURENENTS
Ozone

Ozone measurements are made using a continuous
ultraviolet absorption ozone photometer (ref. 11). The
concentration of atmospheric ozone is determined by
measuring the difference in intensity of an ultraviolet
light beam which alternately passes through the sample gas
and an ozone-free zero gas (generated within the
instrument). The range of this instrument is from 3 to
20,000 ppbv (parts per billion by volume), with a
sensitivity of 3 ppbv. Data from flight tests of the
instrument are given in reference 12. The ozone instrument
is checked at NASA-Lewis (over the range 0 to 1000 ppbv)
against an ozone generator which is calitrated by the one
percent neutral buffered potassium iodide (KI) method (ref.
13) . The estimated accuracy of the KI procedure is seven
percent.

In-£1ight monitoring of the ozone instrument includes
measurement of the instrument zero by flowing the sample
through a charcoal filter external to the instrument, and
measurement of the electronic span setting and control
frequencies available froa the instrument. For all GASP
ozone instruments, the span is set by the manufacturer at
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58200 counts. The instrument is not calibrated in-flight
with an ozone calibration gas due to the difficulty of
generating a precisely known ozone concentracion in the
flight system. Periodic checks for calibration consistency
are performed in the laboratory.

The destruction of ozone in the Teflon sample lines froa
the inlet probe to the instrument, and in the Teflon-coated
diaphragm pump that raises the sample pressure to 100 kPa (1
ata), has been measured under conditions simulating
operation in flight, The ozone mixing ratio at the probe
inlet (03, in ppbv) is expressed in terms of the measured
ozone mixing ratio (03m, in ppbv) as

b
03 = a(03m) + 03m + 4 (1)
1 + c{03m)

with the constants a, b, ¢ and d determined by a regression
analysis on the appropriate destruction test data. For all
flights on tape VLOOOY4, the ambient ozone mixing ratios were
determined using equation (1) with a = 0.19, b = 1,0 and ¢ =
d = 0. The linear relationship between 03 and O3m thus
defined, and the data from which it was determined are shown
in figure 2. The uncertainty in this approximation is + 8
percent. The destruction constants used are given in the
FLHT record for each flight (see table A-I).

The form chosen for equation (1) is based on the ozone
destruction mechanisms expected in the GASP system. If b =
0.5 in the first term, this tera then approximates
destruction of ozone in the sample lires (c.f. ref. 14), If
c > 0 in the second term, this term is of the type which
describes thermal decomposition of ozone (rets, 15 and 16).
This mechanism could be important in the pump as the sample
is heated by the (approximately) 3:1 compression. The
percentage of the 1ncoming ozone destroyed by the line
mechanism decreases with increasing concentrations, whereas
the percentage of the incoming ozone destroyed by the
thermal mechanisa increases with increasing concentration.
Since both mechanisms are likely contributing to the systenm
destruction, it is not surprising that the destruction data
are approximated vell with a linear relationship which gives
a constant percentage destruction.

Water Vapor

Atmospheric water vapor is measur~d with an aluminua
oxide dew-frost point hygrometer (ref. 17). The sensing
element consists of a small strip of aluminum vhich is
anodized to provide a porous oxide layer. A very thin
coating of gold is evaporated over this structure. The
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aluminum base and the gold layer form the two electrodes of
a capacitor vhose impedence varies with the amount of water
adsorbed on the porous surface.

This instrument provides dew-frost point temperatures
(DFPT) from -110 degrees C to +40 degrees C for air sample
temperatures from -65 degrees C to +40 degrees C. The air
temperature is measured with a thermistor mounted on the
sensor probe., The sensors are calibrated by the
manufacturer, with a specified DFPT accuracy of + 2 degreea:
C for -60 degrees C < DFPT £ +40 degrees C and ¢ 3 degrees C
for -110 degrees C < DPFPT < -60 degrees C.

The sensors are re-calibrated in an environmental chaaber
at NASA-Lewis prior to installation on the aircraft.
Calibration gas is provided by blending rooam air (DFPT = 10
degrees C), laboratory service air (DFPT = -40 degrees C),
and liquid nitrogen boil-off (DFPT = -7C degrees C). The
calibration is performed by comparing the aluminum oxide
sensor output with the dew-frost point temperature measured
by a cooled-mirror hygrometer. Because the sensor output
varies with air-sample teaperature, calibration is performed
at room temperature, -20 degrees C and -40 degrees C. OULpon
removal from the aircraft, sensors are re-calibrated again
at room temperature, Data are used only if the
recalibrations are within the linits specified above.

The water vapor sensor is mounted in a de-iced airscoop
of the type used on B-747 aircraft for measureaent of
outside air temperature, The water vapor sensor and the air
temperature thermistor are mounted within the scoop as shown
in figure 3. This mounting 1is similar to that of the "B-57
Air Sampler" described in reterence 18. Because the scoop
mount results in measurement at stagnation conditions, the
vater vapor-pressure calculated from the indicated DFPT is
corrected by the ratio of static to total pressure, and then
used to calculate the ambient water-vapor mixing ratio (in
parts per aillion by weight, ppmw) and the ambient air
dev-frost point.

Laboratory tests on the alusinums oxide hygrometer have
shown several serious deficiencies which must be considered
in evaluating the flight data. 1In these tests the response
of the 4luminue oxide hygrometer was compared to two
cooled~mirror hygrometers; an aircraft-type undergoing
response testing with the aluminum oxide hygrometer, and the
laboratory standard cooled-amirror hygrometer mentioned
previously. The DFPT readings of the two cooled-mirror
hygrometers generally agreed to within 1 degree C. Their
response was faster than the response of the aluminum oxide
hygrometer by about a factor of 10, thus the cooled-airror
hygrometer data wvere used as actual dev-frost point
temperature.
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Response to step change in DFPT at constant sensor
temperature. The time constant (to achieve 63 percent of a
step change) of the aluainum oxide hygrometer was found to
vary from 8 to 30 minutes depending on the gas (sensor)
teaperature and the magnitude and direction of the step
change. In going from wet-to-dry conditions, the indicated
DPPT vas higher than the actual DFPT, and conversely, in
going frcm dry-to-wet the indicated DFPT was lower than the
actual DFPT.

Response to step change in sensor temperature at constanmt
DPPT. As described in a previous paragraph, the indicated
DF¢y is dependent on the equilibrium sensor temperature.
This effect is included in the data reduction through the
use of temperature dependent calibration curves. 1In
addition, however, the sensor has been found to have a
transient response to changes in ambient temperature at
constant DFPT. This response appears to be dependent on
both the magnitude of the temperature change, and the rate
of change. 1In response to a decrease in temperature of 20
degrees C at the rate of 2 degrees C/min, the indicated DFPT
decreased during the temperature transient to less than the
actual DFPT, and then slowly increased toward the true value
with a time constant of approximately an hour. Thus a
decreasing ambient teaperature at constant dev-frost point
will result in indicated DPPT values which are too low, and
conversely increasing asbient temperature at constant
dev-trost point will result in indicated DFPT values which
are too high.

Sensor response during simulated climbout. The most
severe gradients in ambient teamperature and water vapor are
encountered as the aircraft climbs to cruise altitude, with
aambient temperature and DFPT both decreasing. The response
characteristics described in the preceding paragraphs
suggest that the aluminum oxide hygrometer would indicate
too high a DFPT in response to the decreasing husidity, but
wvould indicate too low a DFPT in response to the decreasing
temperature. Thus the possibility exists for compensating
effects., The simulated climbout data shown in figure 4
suggest this, although these data are froa the only test of
this type run to date, and the aluminum oxide hygrometer was
reading too high at the beginning of the segment shown as a
result of response to a previous temperature transient.

Response following saturation. The recovery of the
sensor from saturated conditions, as would be encountered
with the passage of the aircraft through clouds, was found
to be very slow. The only available test data shoved that,
after having been subjected to saturated conditions for 40
minutes, the aluminum oxide hygrometer continued to indicate
saturation for an additional 30 minutes after the air vas no
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longer saturated. The test was terminated at this time, and
no data are available for the time required for the aluminum
oxide hygrometer reading to return to the true DFPT. This
slov response characteristic is appdarent in the flight data
also whenever prolonged saturation is indicated.

In spite of its stated limitations, 1t is felt that the
water vapor measurements obtained with the aluminuam oxide
hygrometer may be of intere:t, ana *hus these data are
reported, when available, as both cew-frost poim
temperature (DFPTA) and water vapor mixing ratio (WVMRA) 1in
the DATA records (see table A-II)., #Whenever the indicated
dev-frost point temperature is equal to the static air
temperature, DPTAGA = "S", as a flaj to the tact that
saturated conditions have been enrountered.

Cloud Detector

Flight test experience with the light-scattering particle
counters included ia the GASP systems has indicated that
flight through clouds results in a significantly greater
count of the largest size particles (D > 3 micrometers) than
is obtained in clear air. A simple cloud detector is thus
available by observing the counting rate of the largest size
particles. This signal is monitored for 256 seconds prior
to each data recording., The time (in seconds) during which
the cloud rate, CLDRT, is greater tham a preset level,
CLDHI, is interpreted as time in clouds (CLSEC; see table
A-II). The CLDHI level was programmed on board the United
airliner based on visu4l observation of a light haze, and
corresponds to a local particle density (for D > 3
micrometers) of 66,000 particles/cubic meter. 1f CLSEC > G,
CLTAG = "C", If cloud data are not available, CLTAG = "M",

The number of cloud encounters (CLAYR, see table A-II) is
also available. Whenever clouds are detected (CLDRT >
CLDHI), this is interpreted as a continuvus encounter until
cloud-free air is detected. This determination requires a
second preset level, CLDLO. If n 1s the number ot times
that the cloud rate crosses CLDHI and CLDLO (or CLDLO and
CLDiiI) in succession, then CLAYR = (n+1)/2 ; however, 1if n=0
and CLSEC > 0, then CLAYR = 1, PFor the data on tape VL(CGOOW4,
CLDLO was set at CLDHI/S.

The cloud data are particularly useful as a supplement to
the water vapor data, TIf there 1s a continuous or frequent
indication of clouds, the dew~-frost point temperature (DFPT)
should remain at, or near. the static air teaperature (SAT).
However, if the DFPT remains equal to SAT 1in the absence of
any cloud indication, the water vapor data should be
considered suspect based on the slow response
characteristics of the aluminua oxide hygrometer as
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discussed previously.,

Flight Data

In addition to the air sawmple measurements, aircraft
flight data are obtained witn each data recording to
precisely describe conditions when the data are acqguired.
Aircraft position, heading, and the computed wind speed and
direction are obtained from the inertial navigation systen.
Altitude, air speed, and static air temperature are
co.lected from the central air data computer in the
aiicratt. Vertical acceleration information (an indication
of turbulence) is taken from the aircraft flight recording
system., Date and time are provided by a separate GASP
cl>yck-calendar unit. The formats and units for these data
are given in taole A-1I,

Filter Samples

Atmospheric concentration data for sultates, nitrates,
and chlorides are provided by exposure and subsequent
laboratory analysis of tilter samples, Filter exposures are
prograsmed to occur at altitudes yreater than 9.6 kilometers
on every third calendar day. Whether or not an exposure
actually occurs depends on the availability of an unexposed
tilter. Pllters are normally exposed tor two hours;
although shorter exposures may occur if the aircraftt
descends to an altitude less than 9.6 kilometers before two
hours have elapsed. Filter data are included in the PLHT
record (table A-1) for each flight, 1If an exposure occurs,
FILEX = "T", and date, time, altitude and position for the
beginning and end of the exposure are reported. If data
from the laboratory analysis dare available, FDATA = "T", and
the type of filter as well as the constitutent data are
reported. The data from the laboratory analysis (in
micrograas/filter) are divided by the integrated tilter flow
rate (in aambient cubic meters), and data are reported as
micrograas/cubic meter,

Single filter apparatus. The air inlet probe and the
filter sampling system are described in reference 4,
Briefly, the filter sampling apparatus contains a single
filter holder which is inserted into a 7.62 ca diameter duct
for sampling, then retracted and stored; all on command trom
the GASP system control unit. The tilter mechanism is
stainless steel and 1is pressure tight., The tilter holder
can accommodate different types ot tilter material as
appropriate to the atacspheric constituents of interest.

Pilter preparation. All filter exposures for which data
are reported on tape VL0004 were made using IPC-1478 filter
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paper. This is a lowvw resistince, cellulose type material
made from second cut cotton linters wvith cotton scrim
backing for added strength. This paper was specially
designed for high altitude air sampling and thus features
low pressure drop, high flow - ate, and good ietention for
small airborne particles. This paper is impregnated with
dibutoxyethylphtalate durinqg manufacture to improve
collection efficiency.

Prior to use, this paper must be washed to remove
residual amounts of water soluble contaminants (ref. 19).
Using a coarse fritted disc tunnol (to support the tilter
paper), a 0.1 M HCl solution saturated with
dibutoxyethylphtalate is vacuum-drawn through the filter for
at least two minutes and until air permeates the filter, 1In
a similar manner, each filter is then rinsed with six
separate 30-35 ml portions ot deionized water also saturated
vwith dibutoxyethylphtalate, After overnight vacuum drying,
saaples from each wash yroup are analyzed for background
levels of contamination to verify the washing procedure.

Upon acceptance, the group of tilters is transferred to a
clean room for filter “older asseably and sealing. The
filters for which data are reported on tape VLOOOU4 were
sealed in clean nylon bags to prevent contamination during
shipping and handling, After filter exposure and removal
from the aircratt, the assembly was re-bagged and carefully
re-packaged for return shipament and analysis.

Filter analysis. Prior to analysis, each filter was cut
into four equal quarter segments to permit constituent
andalysis by separate techniques. Nitrate and chloride 1ion
concentrations vere determined by an electrochemical method;
the specific ion electrode. This procedure consists of
uetiing a tilter segment with 1C ml of 0.05 M sulfuric acid
for 3-5 minutes. Then, witn special electrodes immersed in
trke extracting solution, the specific i1on potential produces
4 meter reading from which the 1ion concentration 1s
determined by comparison with a calibration curve. The
sensitivity of this method for nitrate and chloride ion
determination is approximately ¢ 1 microgram per tilter.

Sulfate ion was deterained indirectly by treating the
filter paper with a known amount of barium 1on (Ba++¢) ard
measuring the amount *that remained after reaction with the
sulfate ion (SO4=). The decrease in the amount of barium
ion in solution is directly related to the sulfate content
of the sasple; however, the apparent sulfate content of the
samples was found to increase as the filter was aged, This
unexplained interference was eliminated by pre-exposure ot
the filter segments to bromine fuaes for up to one hcur
betore the analysis was performed.
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Barium ion 1s readily measured using “lame emission
spectroscopy; however, the solubility of BaS?4 must be
controlled by reducing its acidity to a pH of 4-5, and
calcium interference must be avoided. Thus, an acetate
bufter solution 1s added to control acidity, and zamoniua
oxalate is added to precipitate calcium without
precipitating barium. The sensitivity of this method for
sultate ion deteraination is approximately ¢+ 1 micrograsm per
filter.

The net amount of any cons tituent on a filter was
deduced by subtracting the background levels froa two
reterence filter blanks which were removed trom unexposed
filter holder assemblies. The background levels for both
references were very low and nearly identical. No
ad justment for any contamianation due to handliprg and
shipping was made,

Bottle Saaples

Atmospheric concentration data for trichlovofluoromethane
(P-11) were obtained by exposure and subsequent laboratory
analysis of whole air "grab" saaples. Bottle exposures are
prograamed to occur at altltiudes greater than 9.2 kiiometers
cn every third calendar day, provided that an unexposed
bottle is available. Bottle data are included in the FLHT
record (table A-J} tor each tlignt., It an exposure occurs,
SBUEX = "T", and date, time, altitude, and position tor the
beginning and end ot the exposure are reported, If data
from the laboratory analysis are available, SDATA = “T" and
constituent data are reportei in units of parts per triilion
by volume (pptv). During a bottle exposure, the GASP system
is in a continucus record mode (MODE = 19, seec table A-T) to
provide a record of the atmospheric conditions which the
aircraft encountered during the cxposure period.

Sampling systeam, The sample 1s taken from a 1.90 ca
stainless steel line, which is connected to th: inlet probe
through an expanded duct section. The sample line is
continuously purged, with the aid of a bypass line installed
iust upstream ot the sample hottle unit, to clear the duct
wall surfaces of possible ccntazination by adsorbed
chloroflucsromethanes.

Each sample bottle unit consists of tour one-liter
stainless-steel cylindrical sample bottles which have been
electropolished, cleaned, and specially prepared for
sampling. Hand operated bellows valves are attached at each
end of the bottle to torm an integral sub-asseably and to
tacilitate hundling and processing procedures. Eacu sample
bottle sub-assembly is connected in series to individual
inlec and exit solenoid valves wvhich cperate on remote
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command from the GASP system control unit,

Bottle exposures are normally tive minutes in duration.
During this time, bcch the inlet and exit solenoid valves
are open. The sampling time was selected to provide at
least ten total volume changes to purge the bottle and
sample lines prior to entrapment ot the sample. The saaple
flovrate through the bottle is limited to eight actual
liters/minute by an orifice i1nstalled in the line dcwnstreaa
of the exit valve,

Samp'e bottle preparation. The bottle sub~assemblies are
baked at approximately 330 degrees C for 40 hours or more,
during which they ar« continuously purged with pure helium
at a tflow rate of 160 standard cc/ainute. The tinal f1ll
pr. "sure is about 177 kPa. At least one bottle trom each
r group is pumped down to sub-atmospheric pressure and
s + ad for about a day to allow tor wall desorption, and
then analyzed tor halocarbons. Upon zero level
verification, the bottle sub-assemblies are i1nstalled 1in
sample bottle units. tach unit 1s then leak checked with
the inlet and exit sample lines evacuated using a heliunm
mass spectrometer leak detector.

Trichlorofluoromethane (F-11) dnalysis. pottle samples
from wvhich data are included oa tape VLOJUOUW were analyzed at
Levwis utilizing a gas chromatograph with an electron capture
detector. For determining P-11 coacentrations, the
chromatograph was equipped with a Porasil C coiumn (100-150
zesh, 3.2 mm dia. x 4,7 m long) mdintained at a temperature
of 60 degrees C, A saaple loop veclume of 20 cc at nominally
13 kPa was flushed into the chromatographic coluan by helium
carrier ga, tlow at about 38 cc/min. The chromatographic
tctcaction time was nominally nine minutes. The electron
capture detector eleament was a tritium impregnated scandiua
foil type maintained at a temperature ot 240 degrees C.
Instrument sepnsitivity was determined to be less than 10

PPtV.

Calibration was obtained by inter-laboratory comparisons
of standards supplied by NOAA Environmental Research
Laboratories (Boulder, Colorado) and wWashington State
University. These standards were derived from the
"Halocarbon Analysis and Measurement Techniques Workshop"
held at Boulder on March 25-26, 197¢. A pedak helght
comparison with these known calibrdation gases was used to
obtain the ddata included on tape VLUOO4. Duplicate
determinationus were made for each sample and the results
vere averajed., Measurement precision vas estiaated to be
about + 5 percent.

Sasple pressure considerations. Each whole air sample
m which data dare reporied here was obtained at a pressure
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slightly above the ambient pressure at the exposure
altitude. Concern about adsorption-desorption of halocarbon
from the walls of the sample containers at lov sample
pressures has been expressed by participants at the Boulder
Workshop, and ettects have been observed in recent vork at
the NOAA Environmental Research Laboratories (ret. 20).
Tests at Levis have shown that when unstable wall conditions
exist, they are revealed by the initial zero halocarbon
check after storage at low pressure (see Sample bottle
preparation ). Our tentative conclusion is that the effects
are minimal for the sample data reported.

Tropopause Pressure Data

The National Meteorological Center (NMC) is presen*ly
maintaining a library of gridded ueteoroiogical data fields
accessible on various disk and magnetic tape systems (ref.
21) . Briefly, the data are interpclated to points on the
NMC 65 X 65 grid, a square matrix map transformed from a
polar stereographic map of the Northern Hemisphere. Among
these gridded data are tropopause pressures, available on a
tvice daily basis (06000 and 1200 GHT).

The NMC tropopause pressure data arrays are included,
vhen available, for the dates of the GASP flights to provide
independent data for analysis of the constituent behavior.
The NMC reporting periods for wan.ch these data appear on
tape VLOCOY4 are given in table II. The tropopause pressure
arrays form a separate file (see appendix A} following the
GASP data. Each array (4225 points) 1is written as seven
TRPR records (table A-III). Coordinates for these data are
the NMC o5 X 65 matrix. The relations for obtaining
latitude and longitude trom the NMC coordinates are given in
appendix B. The aircraft location for each GASP DATA recorqd
is given both in NMC coordinates and latitude and longitude
(see table A-II).

The tropopause pressure corresponding to each GASP data
location is obtained by time and space interpolation trom
the NMC arrays. These pressures and the corresponding
geopotential heights for the standard atmosphere are
included in the GASP DATA records (TRPRMB and TRPRHM in
table A-II). For normal interpolations (within a 12 hour
interval) TPTAG =% ", If however, NMC data are missing for
one reporting period such that the interpolation aust be
performed within a 24 hour interval, TPTAG is set = "L". If
NMC data are missing for two or more consecutive reporting
periods the time interpolation is not performed. In this
case 1f the time of the GASP data point is within six hours
of an .MC reporting period for which data are available, the
space interpolated values at that reporting period are
returned and TPTAG is set = "E", but if the time of the GASP
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data point is not within 6 hours of an NMC reporting period
for which data are available, TRPRMB and TRPRHM are set = 0,
and TPTAG is set = "M", Whenever tropopause pressure values
are available, DELP = TRPRMB - PAMB, and DELHGT = ALTMAV -
TRPRHM are also reported.

Prom September 1974, through mid-December 1975, the
location i the tropcpause surface archived by NMC was
determined by means «f the Flattery gloLal analysis method
(ref. 22). This prccedure made use of the vertical
temperature protiles calculated for each NMC grid point, and
tested the slope of the profile curve upwards froa the first
mandatory pressure level. However, as of December 17, 1975,
(1200 GMT), the determination of the tropopause pressure
surface has been formulated using a different analysis
scheme. This change adopts a procedure conceived by
Gustafson (ref. 23) which attempts to model the tropopause
in te¢. s of the potential temperature, which is a
metec . .logically significant height indicator. The method
i3 based on climatological observations that the tropopause
surface is generally in phase with pressure variations along
potential temperdature surfaces in the lower stratosphere,
The modeled tropopause is constrained to lie near various,
pre-selected, potential temperature surfaces, depending on
month and geographical location.

The wiustafson method first calculates a potential
temperature, THETA, protile above each of the 4225 NNC grid
points from the ambient temperature, T, at each of the
reported pressure levels, p, from the following definition
of the potential temperature:

.2857
THETA = (T) (1700/p) (2)

This profile is then scanned downward, and delta THETA/delta
p is evaluated for each layer, until a distinct stability
transition occurs near the expected THETA location of the
mean tropopause. The temperature at the top of this layer
is detined as the tropopause temperature, Next,
temperatures are calculated upwards from the bottom of the
layer assuming pre-selected tropospheric lapse rates
(depending on temperature range). The pressure at which
this profile attains a temperature equal to the previously
determined tropopause temperature 1s defined as the
tropopause pressure, Many details have been omitted from
this brief Aesccipti~n, and the reader would be best advised
to refer to reference 23.

The differences between the tropopause pressures
identified by the Gustafson and Plattery methods are
significant, These differences are apparent in the monthly
zonal averages at 5 degree latitude intervals shown in table
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III. Here, the values for January through November 1975
vere obtained with the Flattery analysis, and values for
January through August 1976 were obtained with the Gustafson
method. Since the NMC changeover occurred in nmid-Deceaber
1975, values for that month are a composite. Froa the
table, it is apparent that not only does the current
(Gustafson) analysis render tropopause pressures greater
than those derived froms the previous (Flattery) method, but
that the differences increase toward the equator. We
believe that the tropopause locations south ot 30 degrees N,
as reported atter December 17, 1975, are suspect, and should
be used with caution in analyzing GASP data. North of 30
degrees, the new tropopause pressures seem to fall within
the statistical range of observed, mean pressures reported
by Reiter (ref. 24) for the North American continent.

SELECTED ANALYSES

On tvo occasions during February 1976, United N47110 and
Pan Am N655PA were on the same flight rcute within 24 hours
of each other. Data trom these flights are presented here
as they provide a comparison of the measurements made by the
tvo systeas.

The route from San Prancisco to Honolulu was flown by
both aircraft, at 10.7 ka, about 10 hours apart on February
2nd and 3rd. Data from these tlights are shown on figure 5.
The ozone mixing ratio and static air temperature records
for both flights suggest minor penetrations into the
stratosphere near 1¢:7 deg W and 147 deg W. In between these
longitudes, the flights are clearly in the troposphere.

The NMC archived tropopause pressures along the flight
route are also shown on each figure. When compared with the
flight altitude, these tropopause pressures indicate
stratospheric rlight from 125 deg W to 150 deg W. This is
not substantiated by the GASP ozone and temperature records.
Although the variations 1n the tropopause plressures along
the flight route are generally inversely related to the
variations in ozone, it appears that the NMC analysis has
underestimated the height ot the tropopause,

Again on February 5th and 6th, both N4711U0 and N655PA
were flying the same route, this time from Los Angeles to
Honolulu. Data from these ftliqhts are shown in figure 6,
where tig. 6a) 1s N47110 eastbound, fig. 6b) is N6SS5PA
westbound, and tig. 6c) 1is NU7110 westbound. Note that the
altitude of the eastbound flight was 0.6 km higher than the
altitude of the westbound flights, and that the total tiame
interval spanned by these flights was approximately 24
hours. In all cases, the ozone and temperature data show
that the eastern third of each flight was in the
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stratosphere., This 1s substantiated by the NMC tropopause
height data, although the indicated mid-flight tropopause
penetrations are from 2 to 5 degrees farther west than would
be estimated from the ozone and temperature data.

In tigures 6a) and 6c) dew-frost point temperatures
(DPPT) as measured by the aluminum oxide hvgrometer on
N4711U are shown. These data provide some insight into the
response characteristics of this sensor,

During the western half of the flight shown in figqg. 6a),
the aircraft was in the troposphere, the particle counter
vas registering coantinous cloudiness, and the water vapor
sensor vwas saturated. About 15 minutes after the aircraft
entered the stratosphere, the sensor began returning
unsaturated dew-frost point temperatures, The 1increase in
indicated DFPT between 130 deg W and 1.5 deg W occurred even
though the aircraft was penetrating farther into the
stratosphere. This tre:d in DFPT may be a sensor response
to the increasing static air temperature (Ssee Water vapor -

DERT ).

On the westbound flight shown in fiqure 6c), the aircraft
entered the stratos, ere during climbout from Los Angeles,
From 122 deg W to 128 deg W the static air temperature was
constant, and the indicated dew-frost point temperature
continued to decrease. The rapid drop in indicated DFPT
between 128 deq W and 132 deg W appears to have been caused
by the decreasing temperature, since the ozone data suagest
that the aircraft was flying out of the stratosphere, and
wetter, not drier, conditions would be expected. Westward
from 132 dvy W, the static air temperature remained nearly
constant, and the dew-frost point temperature increased as
the flight entered the troposphere. The wvater vapor sensor
indicated saturated conditions, and the particle counter
shovwed continuous cloudiness from 147 deg W throughout the
remainder of the €£light.

Since only a tew tilter and bottle exposures occurred
during the flights on tape VL0OCQ4, the concentration data
and related exposure information are presented in tables IV
and V in addition to their inclusion on the tape. Whenever
it was clear from the GASP ozone and temperature data and/or
the NMC tropopsuse pressure data that the exposure wvas
tropospheric or stratospheric, this 1s indicated in the
tables.

The results of the filter analyses (table IV) showed a
wide variability in sulfate (SO4=) concentrations from 0.012
to 0.185 micrograms/cubic meter. Nitrate (NO3-)
concentrations were all less than “.1 micrograms/cubic meter
and appeared to increase or decrease in phase with the
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sulfate levels. Chloride (Cl-) concentrations were all
below 0.01 micrograms/cubic meter indicating no significant
collection. Because the background concentration levels of
the reterence filters vere very low for all species, the
uncertainty for the reported concentration data is presumed
to be no greater than the lowest level reported for each
constituent.

The trichlorofluoromethane mixing ratio data from the
three bottle exposures (table V) wvere nominally equal
(102-106 pptv). All exposures were in the troposphere as
verified by the ozone and tropopause pressure data. The
sample pressures shown in table V were between static
(ambient) and total pressure tor each exposure. Although
the GASP F-11 data are too limited to support any
conclusions about variability of this species, it can be
observed that these data are within the range of
measurements obtained across the Alaskan troposphere in May
1975 by Robinson et. al. (ref. 25).

CONCLUDING REMARKS

Atnospheric constituent data and related tlight and
meteorological data obtained during several flights of
GASP-equipped United Airlines and Pan American World Airwvays
B-747's from December 26, 1975 - March 25, 1976 are now
available. Tropopause pressure fields obtained from NMC
data archives for the dates of the GASP flights are included
as a supplement to the GASP data. These data may be
cbtained as GASP tape VLOOOU from the National Climatic
center, Federal Building, Asheville, NC, 23801. Flight
routes and dates, instrumentation, data processing
procedures, tape specifications and formats, and selected
analyses are discussed 1n this report.
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TABLE I =~ GASP FLIGHTS ON TAPE VLOOGU

a) File 1 (N4T11U)

Flight Departure Data Time Data

Route Date Interval (GMT)
1 SFO-HNL 12/726/75 2227-0229 0
2 HNL-ORD 12727775 0u32-1147 0
3 ORD-YYZ 1356-1426 0
4 YYZ-ORD 1651-1721 0
5 ORD-HNL 2013-03u1 0o
6 HNL-SFO 12/28/75 1956-2352 0
7 5F0-BOS 12729775 2038-0107 0
8 BOS-SFO 12/30/75 1508-2029 0
9 SFO-HNL 2255-0300 0
10 HNL-LAX 12/31/75 0458-0906 0
11 SFO-ORD 1/724/76 1849-21131 O w
12 SFO-HNL 1/26/76 0412-0437 O |
13 HNL-SFO 1020-1415 oW
14 SFO-HNL 1749-2155 (O |
15 HNL-LAX 1/27/76 N017-0437 O W
16 LAX-HNL 1807-2237 oW
17 HNL-5FO 1/28/76 0104-0459 O W
18 SFO-0ORD 184C-2135 (O |
19 ORD-LAS 1/729/76 1702-1945 (O |
20 LAS-ORD 2204-0024 oW
21 ORD-LAX 1/30/76 2228-0138 O |
22 LAX-JFK 1/31/76 2041-0051 oW
23 LAX-HNL 2/702/76 0028-0485 (O
24 HNL-SFO 1020-1420 O W
25 SFO-HNL 1736-2148 (O |
26 HNL-LAX 2703776 0008-0u421 O W
27 LAX-JFK 2034-0017 0O W
28 JFK-LAX 2/064/76 1734-2224 O |
29 LAX-HNL 27257176 00u8-05z8 oW
30 HNL-LAX 1931-2346 (O |
31 LAX-DEN 2706776 0141-0251 0 W
32 LAX-HNL 2146-02006 oW
33 ITO-ORD 2/07/76 0654-1349 0
34 SFO-HNL /10776 2223-0233 0
35 HNL-LAX 2/11/176 0935-1349 0
36 LAX-ORD 1628-1854 0
37 ORD~LAX 2237-0152 0
38 LAX-ITO 2/12/76 2020-0043 0
39 ITO-LAX 2/13/75 0238-0632 0
40 LAX-ORD 285C-1126 0
41 ORD-PIT 1355-1420 0
42 PIT-ORD 1643-1718 0
43 ORD-LAX 1934-22u8 0
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Table I - a) Concluded

Flight Departure Data Time Data

Route Date Interval (GMT)
4y LAX-SFO 2/14/76 0199-0141 0]
45 SFO-LAX 0348-0408 0
u6 LAX-ITO 2018-0025 0
47 ITO-LAX 2/15/76 0243-0658 0
u8 LAX-JFK 2/24/76 2028-0018 (o3 |
49 JFK-LAX 2/725/76 1731-2211 (Ol |
50 LAX-HNL 27267176 0122-0612 0O ¥
51 HNL-SFO 1013-11355 (O
52 SFO-HNL 1729-2212 oW
53 HNL-LAX 2727776 p01C~-0uC6 oW
Su LAX-ORD 2040-2325 O W
55 ORD-JFK 2/728/76 0171-0217 O W
56 JFK-LAX 1729-2221 oW
57 LAX-HNL 2/29 776 0050-0545 o W
58 HNL-SFO 2002-2344 O W
59 SFO-HNL 3/01/76 2223-0252 O W
60 HNL-ORD 3/02/76 0506-1130 0 W
61 ORD-LAS 1949-2249 O W
62 LAS-ORD 3703/76 2204~-0013 O W F
63 ORD-CLE 1/04/76 0235-0253 oW
o4 CLE-ORD 1421-14U6 oW
56 ORD-HNL 1735-0134 O W
66 HNL-ORD 3/05/76 0433-1117 oW
67 URD-YY2 1401-154u6 O W
68 YYZ-ORD 1834-1919 o
69 OBD-HNL 2202-0555 O W
70 HNL-LAX 3/06/76 1048-1444 O W
71 LAX-ORD 1638-1918 (Ol |
72 ORD-LAX 2231-0141 O W
73 LAX-ITO 3/C7/76 2003-0036 0o W

0 - Ozone

W - Water Vapor

F - Filter Exposure
B - Bottle Exposure
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TABLE I - GASP FLIGHTS ON TAPE VLOUOW

b) File 2 (N655PA)

Flight Departure Data Time Data
Route Date Interval (GMT)
1 SFO-HND 1722776 2156-0743 0
2 HND-HKG 1723776 1039-1424 ¢]
3 HKG-BKK 1555-1900 0
4 BKK-DEL 2057-0017 o]
5 DEL-THR 1/25/76 0201-0521 0
6 THR-IST 0853-1111 o}
7 IST-FRA 1300-1505 0]
8 FRA-LHR 1652-1727 4]
9 LHR-JFK 2046-0326 0
10 JFK-LHR 1725776 1540-2055 o]
1 LHR-BRU 2258-23013 0
12 LHR-JFK 1/726/76 0909-1820 0
13 JFK-FCO 1/27/76 0248-0947 0
14 FCO-SNN 1219-1429 0
15 SHN-JFPK 1619-2236 o]
16 JFK-PCO 1/28/76 0226-0905 0]
17 FCO-JFK 1213-2035 0
18 JFK-LHR 1/29/176 1547-2115 0]
19 LHR-BRU 2251-2306 0
20 BRU-LHR 1/30/76 0912-0922 o]
21 LHR=-JFK 1215-1850 0
22 JPK-FRA 2344-0539 0]
23 MUC-FRA 1/31/76 1202-1207 0
24 FRA-JPK 1521-2234 0
25 JFK-5FO 2/01/76 1429-1914 0
26 SFO-HNL 2/03/76 0316-0721 0
27 HNL-GUM 1027-1715 0
28 GUM~-MNL 1920-2155 0
29 MNL-HKG 2335-0032 0
30 HKG-MNL 2/04/76 0510-0605 0
31 MNL-GUM 0381-1101 0
32 LAX-HNL 2/06/76 J346-0816 0
33 HNL-PPG 1038-1503 0
34 PPG=-SYD 1719-2155 0
35 SYD-PPG 2/07/76 0708-1126 0
36 PPG-HNL 153u-1639 0]
37 HNL=-LAX 1941-0004 0
38 LAX-HNL 2708/76 0502-0757 0
39 HNL-LAX 2/09/76 2234-024u6 0
40 LAX-HNL 2/10/76 1733-2157 0
41 HNL-SFO 2/11/76 2251-0251 0
42 SFO-HND 2727776 2301-0855 F
43 DEL-THR 3/703/76 0244-0n558 F

44 LHR-JFK 3/09/76 1132-1827 14



Table I - b) Concluded

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
ou
65
66

Flight
Route

JPK-SFO
SFO-HND
HND-HKG
HKG-BKK
BKK-DEL
DEL~THR
THR-IST
IST-PRA
FRA-LHR
LHR-JFK
JFK-LHR
LHR-BRJ
BRU-LHR
LHR-JFK
JFK-LHR
FRA-IST
IST-THR
THR-DEL
DEL-BKK
BKK-HKG
HRG-HND
HND-SFO

= 0Ozone

- Wdater Vapor
- Filter Expo
- Bottle Expo

Departure
Date

3/18/76

3/19/76

3720776

3721776
3/722/76

3723776

3/24/76

3/25/76

sSure
sSure

Data Time

Interval (GMT)

1521-2042
2254-0905
1101-1441
1619-1914
2058-0000
0140-1455
0857-11C2
1244-1446
1650-1725
1933-0206
1556=-2102
2226-2236
0805-0810
1026-1705
0101-0608
1234-1419
1553-1758
215€-0020
N201-0449
0701-0951
0245-0535
0753-1530

PO ——

Data

[sReolecNeNoNoNoNeoNeoNoNoNoNoRoNoRoolNoNoNoNoNol
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TABLE II - NMC TROPOPAUSE PRESSURE DATA
ON GASP TAPE VLOOOU

Frona Through
1 12/26/75, 1200 GMT 12/30/75, 1200 GAT
2 1722776, 120G GHT 2/15/76, 1200 GHT
3 2/24/76, 1200 GHT 3/08/76, 1200 GHT

&

3/18/776, 1200 GMT 3726776, 0000 GMT
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APPENDIX A - Specifications for GASP Archive Tapes (VLXXXX)

GENERAL

1. Tapes are vwritten in EBCDIC format using anine track
tapes.

2. Tape density is 807 BPI.
3. Physical records {(clocks) are 4096 bytes.

4, Tne tapes ar~ unlabeled, and contain one or more GASP
data files followed by a tropopause pressure data tile,

GASP DATA FILE

1. Each GASP data file <contains data from a single GASP
aircraft., Within each file, data are grouped and
identified by flights (takeoff to landing) in
chronological order.

2. The GASP data for each flight begins with a logical PLHT
record (flight identification data), wvhich is followved
by logical DATA records (one for each data recording
made during the flight). Both FLHT and DATA records
contain 512 bytes, hence there are 8 logical records per
physical record (block).

3. A PLHT record will always be the first logical record 1in
a block. However, every block need not begin with a
FLHT record (i.e., 1f there are more than seven DATA
records in a flight)., TIf the PLHT record plus the
available DATA records for a flight do not fill an
integer number of blocks, the unused logical records in
the final block are padded with zeros creating PADD
records. The diagraa below shows how several short
flights would be blocked.

Block 1 2 3

— s g el . s S iy S  — w ————

FDDDDDPP FDDDDDDD DDPPPPEPP

Logical
Record 12345678 1234 5678 12 3454k 78
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Block 4 5 6

PDDDDDDD DDDDDDDD FDDDDDODUP

Logical
Record 12345678 12345678 12 3 45¢6 78

vhere F is a FLHT record

D is a DATA record
P is a PADD record

The first four bytes in each logical record identify the
record type as FLHT, DATA, or PADD. Detailed
specification of the parameters and formats for FLHT and
DATA records are given 1in Table A-I and A-II
respectively,

a) Ir each FPLHT record, the number of DATA records to

fellow 1s given by NDATA (Bytes 78-81), and the
nuaber of blocks in the flight 1is given by NBLOCK
(Bytes 82-84).

b) For the 1last DATA record of each flight, LBFLG

(Byte 5) = "L"; for the last DATA record 1in each
file, LBPLG = "G" if the following file 1is a GASP
data file, and LBFLG = "T" if the following file is
the tropopause pressure file; for all other DATA
records, LBFLG = » ",

Note: DATA records with LBFLG # " " will be followved by
PADD records if the physical record (block) is not
complete.

TROPOPAUSE PRESSURE DATA FILE

1.

Following the GASP data, in a4 separete file, tropopause

pressure data for the da“es of the GASP flights are
included. Data are currently available from the

National Meteorological <Center (NMC) twice daily €£or
4225 locations in the Northern Hemisphere, Coordinates

for these data are the NMC 65X65 square wmatrix grad,
transformed from a polar stereographic sap of the

Northern Hemisphere.

Each 65Xf5 tropopause pressure array is written as seven
TRPR records. Each TKPR record 1is a physical record

(block), and is the same length as the GASP physical
records (4096 bytes) . All TRPR records contain
identitication information. Specifications and foramats
for the TRPR records are given in Table A-III.

PR .
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APPENDIX B - LATITUDE AND LONGITUDE FROM NMC COOKDINATES

The tropopause pressure data included on GASP tapes are
given at each of the 4225 points on the NMC 65 X 65 grid, a
square matrix transformed from a polar stereographic map of
the Northern Hemisphere. In the NMC coordinates the North
Pole is the point (33,33), with the 10 deg E - 170 deg W
meridian given by the line YJ = 33, and the 100 deg E - 80 deg
W ameridian given by the line XI = 33, The transformation troa
this coordinate system to latitude (deg N or S) and longitude
(deg E or W) 1is as follows:

2 2 2 2
Let R = ((XI-33) + (YJ-33) )/RHO (A1)

where RHO = 31,2043

The Latitude (deg) is given by

2 2

THETA = (180/P1) arcsin{(1-R )/ {1+k )) (A2)
If THETA > 0, LAT = THETA and LATAG = "N"
If THETA < 0, LAT = -THETA and LATAG = "“s"

The Longitude (deg) 1is given by

PHI = -(10 + (180/PI) arctan((YJ-33)/(XI-33)) (A 3)
If -190 < PHI < -180 , LONG = PHI + 360 and LOKGTAG = "w"
If -180 < PHI < © + LONG = -PHI and LONGTAG = "=
If 0 < PHI < 17y , LONG = PHI and LONGTAG = "w"
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